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Abstract
BACKGROUND 
The dynamic characteristics of glucose metabolism and its risk factors in patients 
living with human immunodeficiency virus (PLWH) who accepted primary 
treatment with the efavirenz (EFV) plus lamivudine (3TC) plus tenofovir (TDF) 
(EFV + 3TC + TDF) regimen are unclear and warrant investigation.

AIM 
To study the long-term dynamic characteristics of glucose metabolism and its 
contributing factors in male PLWH who accepted primary treatment with the EFV 
+ 3TC + TDF regimen for 156 wk.

METHODS 
This study was designed using a follow-up design. Sixty-one male treatment-
naive PLWH, including 50 cases with normal glucose tolerance and 11 cases with 
prediabetes, were treated with the EFV + 3TC + TDF regimen for 156 wk. The 
glucose metabolism dynamic characteristics, the main risk factors and the 
differences among the three CD4+ count groups were analyzed.

RESULTS 
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In treatment-naive male PLWH, regardless of whether glucose metabolism disorder was present at 
baseline, who accepted treatment with the EFV + 3TC + TDF regimen for 156 wk, a continuous 
increase in the fasting plasma glucose (FPG) level, the rate of impaired fasting glucose (IFG) and 
the glycosylated hemoglobin (HbA1c) level were found. These changes were not due to insulin 
resistance but rather to significantly reduced islet β cell function, according to the homeostasis 
model assessment of β cell function (HOMA-β). Moreover, the lower the baseline CD4+ T-cell 
count was, the higher the FPG level and the lower the HOMA-β value. Furthermore, the main risk 
factors for the FPG levels were the CD3+CD8+ cell count and viral load (VL), and the factors 
contributing to the HOMA-β values were the alanine aminotransferase level, VL and CD3+CD8+ 
cell count.

CONCLUSION 
These findings provide guidance to clinicians who are monitoring FPG levels closely and are 
concerned about IFG and decreased islet β cell function during antiretroviral therapy with the EFV 
+ 3TC + TDF regimen for long-term application.

Key Words: Human immunodeficiency virus; Antiretroviral therapy; Fasting plasma glucose; Dynamic 
change; Long-term
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Core Tip: To our knowledge, this prospective cohort study is the first to report the long-term dynamic 
effects of the tenofovir plus lamivudine plus efavirenz regimen and the baseline CD4+ T cell count on 
glucose metabolism in male patients living with human immunodeficiency virus. The result showed that 
gradual increases in the fasting plasma glucose, impaired fasting glucose rate and glycosylated 
hemoglobin, due to insulin resistance but rather to significantly reduced islet β cell function, regardless of 
glucose metabolism disorder or not at baseline. Baseline CD4+ T cell count could impact on fasting 
plasma glucose and homeostasis model assessment of β cell function.
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INTRODUCTION
Patients with human immune deficiency virus (HIV) infection or acquired immune deficiency syndrome 
(AIDS) have sharply increased in recent years. According to the World Health Organization, since HIV 
was discovered in 1981, nearly 84.2 million people have been infected worldwide, approximately 40.1 
million people have died of AIDS, and 38.4 million people are living with HIV worldwide by the end of 
2021. By the end of 2022, there were 1053000 patients living with HIV (PLWH) and 351000 cumulative 
reported deaths nationwide in China[1].

Antiretroviral therapy (ART) is currently the most effective treatment for AIDS, as it can prolong life 
expectancy and improve quality of life[2,3]. Studies have shown that a normal life expectancy will be 
acquired by AIDS patients when their CD4+ count is higher than 350 cells/mm3 and undetectable levels 
of the viral load (VL) are reached in one year after ART[2,3]. However, non-AIDS-related diseases, such 
as metabolic abnormalities, osteoporosis and cardiovascular diseases, have become essential factors 
affecting the prognosis of AIDS patients[4-7].

Disorders of glucose metabolism, including prediabetes and diabetes mellitus (DM), are common 
metabolic diseases and risk factors for cardiovascular disease. There have been some reports in the 
literature about the prevalence of abnormal glucose metabolism in patients with HIV/AIDS after ART
[8-11]. The most important risk factors for prediabetes and diabetes were a family history of diabetes, 
aging, Hispanic heritage or black, obesity/overweight, lipodystrophy, central obesity, metabolic 
syndrome, dyslipidemia, treatment with certain ART regimens, and increased baseline fasting plasma 
glucose (FPG)[12-18]. No reports about the long-term dynamic characteristics of glucose metabolism 
after ART with a specific regimen were found in the literature.

As one of the first-line ART programs since the National Twelfth Five-Year Plan in China, the 
efavirenz (EFV) plus lamivudine (3TC) plus tenofovir (TDF) (EFV + 3TC + TDF) regimen has been used 
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for more than ten years and has a reduced effect on metabolism, and there are few reports about its 
effect on glucose metabolism in the literature. Our previous study showed that FPG level increased 
within four weeks and then returned to the baseline level at 12 wk after ART with the EFV + 3TC + TDF 
regimen, especially in patients with CD4+ counts less than 350 cells/μL. However, the long-term 
dynamic characteristics of glucose metabolism and its contributing factors in such patients treated with 
the EFV + 3TC + TDF regimen are unclear and warrant further examination.

MATERIALS AND METHODS
Study population
A prospective follow-up cohort study for three years was conducted with sixty-one male PLWH who 
were treatment-naive and visited the Public and Health Clinic Centre of Chengdu from October 1, 2012, 
to December 31, 2017[19].

The inclusion criteria were as follows: 18-65 years old; either sex; HIV-1 antibody positivity according 
to an enzyme-linked immunosorbent assay with confirmation by Western blotting; CD4+ T cell count < 
500 cells/μL within 30 d before enrollment; voluntary provision of signed informed consent and 
agreement to receive follow-up; no plan to relocate from the current address during the trial; no DM, 
FPG < 7.0 mmol/L and glycosylated hemoglobin (HbA1c) < 6.5%; and no ART before the trial[19].

The exclusion criteria were as follows: Opportunistic infections or acute infections, malignant tumors 
related to AIDS at enrollment; opportunistic infections within 3 mo of enrollment or an unstable 
condition within 2 wk of enrollment; detection of any of the following: Hemoglobin lower than 9 g/dL, 
white blood cell count lower than 2000/μL, neutrophil count lower than 1000/μL, platelet count lower 
than 75000/μL, serum creatinine higher than 1.5 times the upper limit of normal (ULN), alanine 
aminotransferase (ALT)/alkaline phosphatase (ALP)/aspartate aminotransferase (AST) higher than 3 
times the ULN, total bilirubin higher than 2 times the ULN, serum creatine phosphokinase higher than 2 
times the ULN, or a creatinine clearance rate lower than 60 mL/min; DM, FPG > 7.0 mmol/L, or HbA1c 
> 6.5%; current drug use; pregnancy or lactation; severe neurological or mental disease; severe digestive 
tract ulcers; and a history of alcoholism[19].

The diagnostic criteria for AIDS, impaired FPG (IFG) and DM were obtained from the published 
guidelines[20,21].

The patients were divided into three groups based on baseline CD4 counts (23, 12, 26 cases in the > 
350, 200-350 and < 200 cells/μL groups, respectively)[2,3,20].

Laboratory indicator tests
At 8:00 am, venous blood was drawn from the patients who fasted overnight for at least 12 h for FPG, 
fasting serum insulin (FINS), HbA1c, T lymphocyte subsets, and HIV viral nucleic acid. All blood 
samples were collected and analyzed in the same central laboratory. The glucose oxidase method was 
used for glucose measurement by the semiautomatic Dias STAT Model 550 analyzer (Bio-Rad) with a kit 
purchased from Zhejiang Eastern European Biological Products Company. Insulin was tested by electro-
chemiluminescence immunoassay using an automatic Elecsys2010 analyzer (Roche); HbA1c was tested 
by high-pressure liquid chromatography using a HbA1c (G7) analyzer (Tosoh Company) with a kit 
purchased from Bio-Rad. HIV RNA was tested by fluorescence quantitative polymerase chain reaction. 
A flow cytometer from Beckman Coulter was used to measure the lymphocyte subset parameters 
(including the CD8+ count, CD4+ count, CD3+ count, CD8+%, CD4+%, and CD3+%). The formulas for 
calculating the homeostasis model assessment of β cell function (HOMA-β) value and the homeostasis 
model assessment of insulin resistance (HOMA-IR) value were as follows: HOMA-β = 20 × FINS/(FPG - 
3.5) and HOMA-IR = (FPG × FINS)/22.5[22].

Before and after accepting ART for 4, 8, 12, 24, 36, 48, 60, 72, 84, 96, 108, 120, 132, 144 and 156 wk were 
the follow-up time points (Figure 1). The FPG levels were measured at each follow-up time point, and 
the FINS and HbA1c levels were detected at 0, 12, 24, 36, 48, 72, 96, 120 and 144 wk (Figure 1)[20].

Two researchers simultaneously collected, entered and checked the data to ensure data accuracy, 
authenticity, and integrity.

Patient and public involvement
Patients and the public were not involved in the development of the research questions or in the design 
of the study. Patients received verbal and written information about the study; however, they were not 
involved in the recruitment of subjects or the conduct of the study. In addition, the burden of the 
intervention was assessed by the investigators. After signing an informed consent form, the participants 
were assessed for eligibility, and data collection was performed. Dissemination of the general results 
(without personally identifying data) will occur on demand.

Statistical analysis
GraphPad Prism version 8 (GraphPad Inc. United States) and Social Sciences software version 17.0 (IBM 
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Figure 1 Schematic diagram. A total of 61 cases were included, including 50 cases with normal glucose tolerance, 11 cases with prediabetes, and none of them 
with diabetes mellitus. All cases were treated with the efavirenz plus lamivudine plus tenofovir regimen for 156 wk. At 0, 4, 8, 12, 24, 36, 48, 60, 72, 84, 96, 108, 120, 
132, 144, and 156 wk, venous blood was drawn from the patients who fasted overnight for at least 12 h for fasting plasma glucose using the glucose oxidase method 
by the semiautomatic Dias STAT Model 550 analyzer (Bio-Rad) with the kit purchased from Zhejiang Eastern European Biological Products Company; at 0, 12, 24, 
36, 48, 72, 96, 120, and 144 wk for fasting serum insulin using electrochemiluminescence immunoassay by automatic Elecsys2010 analyzer (Roche); and for 
glycosylated hemoglobin using high-pressure liquid chromatography by glycosylated hemoglobin (G7) analyzer (Tosoh Company) with a kit purchased from Bio-Rad 
in the central laboratory.

Inc., Armonk, NY, United States) were used. The FPG and FINS levels, HOMA-IR values and HOMA-β 
values had normal distributions, and the statistical analyses were conducted directly. The natural VL, as 
indicated by the HIV RNA level, was logarithmically transformed because of abnormal distributions. 
The measured data are expressed as the mean ± SD for measurement data, and ANOVA was used for 
multigroup comparisons. SNK analysis was used for further comparison of two groups. Independent-
sample t tests were used for comparison of two groups. The comparison for the enumerated data 
expressed as rates used the chi-square test. A P value < 0.05 was considered statistically significant.

RESULTS
Baseline conditions
At the Public and Health Clinic Centre of Chengdu from October 1, 2012, to December 31, 2017, sixty-
one male PLWH who were treatment-naive were enrolled into three groups based on baseline CD4+ 
counts (23, 12, 26 cases in the > 350, 200 to 350, and < 200 cells/μL groups, respectively). Of them, 13 
were infected by heterosexual contact, 42 were infected by homosexual contact, and 5 were infected by 
both types of sexual contact. The baseline virological and immunological indicators, glucose metabolism 
indicators and general information of 61 cases are shown in Table 1[19]. At baseline, the HOMA-β 
values in the male PLWH were significantly reduced, with an average of 52.37 mIU/mmol. The HOMA-
IR values were slightly elevated, and the average FPG, average FINS and average HbA1c levels were 
normal (Table 1[19]). Of them, the IFG percentage was 18.03% (11/61), and there was no patient with 
DM.

Dynamic changes in glucose metabolism after ART
The FPG level in 61 patients (Figure 2A) continuously and gradually increased with prolonged ART, 
comparing each follow-up time point from 84 wk and at baseline, and a significant difference was found 
(all P < 0.05), especially at 108, 144 and 156 wk (all P < 0.0001). The HbA1c levels in 61 patients 
(Figure 2B) slightly decreased over the first 48 wk and then continuously and gradually increased with 
prolonged ART. A significant difference was found between each follow-up time point from 48 wk and 
at baseline (all P < 0.05), especially from 84 wk to 156 wk (all P < 0.0001). The percentage of IFG 
(Figure 2C) initially quickly increased, peaked at 4 wk, gradually fell until the trough was reached at 36 
wk, and then increased again until it was measured at 156 wk, especially from 132 wk to 156 wk (P < 
0.01). There were seven cases with newly diagnosed DM, including two cases with prediabetes and five 
cases with normal glucose tolerance (NGT) at baseline, and of them, 1, 1, 2, 1, and 2 cases were 
diagnosed with DM after 4, 8, 12, 72 and 96 wk, respectively. The patients with prediabetes received diet 
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Table 1 Baseline information of human immune deficiency virus-infected male patients (n = 61)

Total (n = 61) NGT (n = 50)
Viable

mean ± SD or case (%) Range mean ± SD or case (%) Range

Age (yr) 32.05 ± 8.38 20-58 31.93 ± 8.59 20-60

Infection duration (mo) 11.16 ± 1.19 1-86 11.16 ± 1.19 1-86

T lymphocyte subsets

 CD3+ (cells/μL) 1433.98 ± 595.35 470-3074 1489.7 ± 603.75 561-3202

 CD3+CD4+ (cells/μL) 313.87 ± 118.473 54-499 324.74 ± 150.37 10-833

 CD3+CD4+% (%) 19.78 ± 6.83 1.4-43.4 20.46 ± 8.25 1.4-56.8

 CD3+CD8+ (cells/μL) 1119.70 ± 605.0 360-2456 1100.70 ± 498.72 440-2456

 CD3+CD8+% (%) 69.97 ± 13.80 36.1-97.2 69.31 ± 14.72 35.8-97.2

1Virus load of HIVRNA 41772.77 ± 10.38 895.0-505987.0 91126.14 ± 2.64 895-970103

Glycose metabolic parameters

 FPG (mmol/L) 5.50 ± 0.508 3.90-6.53 5.39 ± 0.40 3.9-6.0

 HbA1c (%) 5.35 ± 0.34 4.5-6.2 5.25 ± 0.37 4.1-6.2

 FINS (mIU/L) 4.55 ± 3.03 0.5-11.09 2.39 ± 1.16 0.5-10.24

 HOMA-IR(mIU × mmol/L2) 1.30 ± 0.84 0.81-2.31 1.21 ± 0.17 0.81-1.74

 HOMA-β (mIU/mmol) 52.37 ± 36.25 14.8-182.46 64.10 ± 8.44 30.8-182.46

1Refers to logarithmic transformation before statistical analysis for nonnormally distributed data. FPG: Fasting plasma glucose; HbA1c: Glycosylated 
hemoglobin; FINS: Fasting insulin; HOMA-IR: Homeostasis model assessment of insulin resistance; HOMA-β: Homeostasis model assessment of β cells; 
NGT: Normal glucose tolerance; HIVRNA: Human immune deficiency virus viral nucleic acid.

Figure 2 Long-term dynamic changes in fasting plasma glucose, glycosylated hemoglobin A1c and impaired fasting plasma glucose 
within 156 wk after the initiation of antiretroviral therapy with tenofovir plus lamivudine plus efavirenz in male patients living with human 
immunodeficiency virus (including normal glucose tolerance and prediabetes) (n = 61). A: Fasting plasma glucose (FPG) level; B: Glycosylated 
hemoglobin A1c (HbA1c) level; C: Impaired fasting plasma glucose rate. ANOVA was used to compare FPG and HbA1c from baseline to 156 wk (A, B, all P<0.0001). 
A paired t test was used to compare FPG and HbA1c between baseline and specific follow-up time points, aP < 0.05, bP < 0.01. The chi-square test was used to 
compare the percentage of IFG from baseline to 156 wk (C, P < 0.0001) and between baseline and specific follow-up time points, bP < 0.01.

prescriptions and exercise prescriptions and did not use hypoglycemic drugs. Patients with diabetes 
received metformin for hypoglycemia with FPG controlled within 7.0 mmol/L and HbA1c controlled 
within 6.5%.

Except for 11 patients with prediabetes, the FPG level in 50 patients with NGT (Figure 3A) also 
continuously and gradually increased with prolonged ART. A significant difference was found between 
each follow-up time point from 96 wk and at baseline (all P < 0.05), especially from 120 wk to 156 wk (all 
P < 0.001). The HbA1c levels in 50 patients with NGT (Figure 3B) also continuously and gradually 
increased with prolonged ART, comparing each follow-up time point from 96 wk and at baseline, and a 
significant difference was found (all P < 0.0001). The percentage of IFG (Figure 3C) initially quickly 
increased at 4 wk, gradually fell until the trough was reached at 36 wk, and then increased again until it 
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Figure 3 Long-term dynamic changes in fasting plasma glucose, glycosylated hemoglobin A1c and impaired fasting plasma glucose 
within 156 wk after the initiation of antiretroviral therapy with tenofovir plus lamivudine plus efavirenz in male patients living with human 
immunodeficiency virus and with normal glucose tolerance (except 11 cases with prediabetes) (n = 50). A: Fasting plasma glucose (FPG) level; 
B: Glycosylated hemoglobin A1c (HbA1c) level; C: Impaired fasting plasma glucose rate. ANOVA was used to compare FPG and HbA1c from baseline to 156 wk (A, 
B, all P < 0.0001). A paired t test was used to compare FPG and HbA1c between baseline and specific follow-up time points, aP < 0.05, bP < 0.01. The chi-square test 
was used to compare the percentage of IFG from baseline to 156 wk (C, P < 0.0001) and between baseline and specific follow-up time points, aP < 0.05, bP < 0.01.

was measured at 156 wk, especially from 120 wk to 156 wk (all P < 0.0001).
In 61 patients, the FINS level (Figure 4A), HOMA-IR value (Figure 4B), and HOMA-β value 

(Figure 4C) gradually rose to peak values at 48 wk and then decreased from 48 wk to 156 wk. At each 
follow-up time point and at baseline, significant differences were found in the FINS level at 24, 36, 48, 
and 60 wk, in the HOMA-IR value at 48 wk, and in the HOMA-β value at 36 and 48 wk (all P < 0.05).

Long-term influence of the baseline CD4+ count on glucose metabolism after ART
The lower the baseline CD4+ count was, the higher the FPG levels (Figure 5A) at baseline and at 4, 12 
and 96 wk (all P < 0.05). In contrast, the lower the baseline CD4+ count, the lower the FINS levels 
(Figure 5B) from 36 and 144 wk, the HOMA-IR value (Figure 5C) at 36 and 48 wk, and the HOMA-β 
value (Figure 5D) from 36 wk to 144 wk were (all P < 0.05), but the higher the HOMA-IR value 
(Figure 5C) and the HOMA-β value (Figure 5D) at 24 wk was (all P < 0.05).

Risk factors for abnormal glucose metabolism
By Spearman correlation analysis, nonalcoholic fatty liver disease (NAFLD), age, body fat percentage, 
body mass index, lean body mass, body fat, AST level, ALT level, ALP level, γ-glutamyl transpeptidase 
(GGT) level, CD3+CD8+ percentage and serum creatinine level were all positively correlated, while 
CD3+CD8+ count, CD3+ count, CD3+ percentage, CD3+CD4+ count, VL and immunoglobulin M level 
were negatively correlated with FPG level (Table 2). By multiple stepwise regression analysis, the 
CD3+CD8+ cell count and VL were the main factors associated with the FPG level (Table 3).

According to Spearman correlation analysis, follow-up duration, ALT level, AST level, GGT level, 
ALP level, CD3+CD4+ percentage, and the ratio of the CD3+CD4+ count to the CD3+CD8+ count were 
positively correlated, while the serum cystatin C level, CD3+CD8+ count and percentage, and VL were 
negatively correlated with the FINS level (Table 2). By multiple stepwise regression analysis, the ALT 
level, follow-up duration, VL, and CD3+CD8+ count were the main factors associated with the FINS 
level (Table 3).

According to Spearman correlation analysis, the ALP level, the creatinine level, the uric acid (UA) 
level and the CD3+CD4+ percentage were positively correlated, while the group stratified by baseline 
CD3+CD4+ count and VL were negatively correlated with the HOMA-IR values (Table 2). By multiple 
stepwise regression analysis, the ALT level and VL were the main factors associated with the HOMA-IR 
value (Table 3).

According to Spearman correlation analysis, only the UA level and CD3+CD4+ percentage were 
positively correlated with the HOMA-β value, and none of the anthropometric parameters or 
biochemical, immunological and virological indicators were negatively correlated with the HOMA-β 
value. By multiple stepwise regression analysis, the ALT level, VL and CD3+CD8+ count were the main 
factors associated with the HOMA-β value (Table 3).

DISCUSSION
Our previous studies found that islet β cell dysfunction is common even in young male PLWH with 
normal weight and NGT and without significant IR. The EFV + 3TC + TDF regimen can lead to glucose 
impairment in the short term[23]. The purpose of this study was to identify the dynamic characteristics 
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Table 2 Spearman correlation analysis of glucose metabolism parameters, general condition, anthropometric parameters, biochemical, 
immunological and virological indicators within 156 wk (n = 61)

FPG FINS HOMA-IR HOMA-β

r P value r P value r P value r P value

Age (yr) 0.120 0.008

NAFLD (0 = without, 1 
= with)

0.155 0.001

Follow-up weeks 0.280 0.005

BMI (kg/m2) 0.291 0.004

Body fat percentage (%) 0.311 0.002

Body fat weight (kg) 0.297 0.003

Lean body mass weight 
(kg)

0.138 0.008

ALT (g/L) 0.126 0.006 0.221 0.031

AST (g/L) 0.081 0.029 0.352 < 0.0001

GGT (g/L) 0.127 0.005 0.230 0.025

ALP (g/L) 0.106 0.004 0.253 0.009 0.164 0.002

Cr (μmol/L) 0.198 < 0.0001 0.378 0.027

Cysc (mg/L) -0.280 0.005

UA (mmol/L) 0.175 0.001 0.179 < 0.0001

CD3+ count (cells/μL) -0.146 < 0.0001

CD4+count (cells/μL) -0.107 0.030

CD8+count (cells/μL) -0.120 0.002 -0.236 0.022 -0.121 0.026

CD3+% -0.140 0.002

CD4+% 0.2363 0.023 0.111 0.042 0.118 0.030

CD8+% 0.134 0.007 -0.293 0.004

CD4+/CD8+ 0.312 0.002

IgM (g/L) -0.263 0.003

LV (copes/L) -0.266 0.033 -0.374 0.045 -0.427 0.024

CD4+ count groups -0.340 0.049

ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; Cr: Serum creatinine; Cysc: Serum 
cystatin C; FINS: Fasting insulin; FPG: Fasting plasma glucose; GGT: γ-Glutamyl transpeptidase; HOMA-IR: Homeostasis model assessment of insulin 
resistance; HOMA-β: Homeostasis model assessment of β cell function; IgM: Immunoglobulin M; NAFLD: Nonalcoholic fatty liver disease; UA: Uric acid; 
VL: Viral load.

of glucose metabolism and its contributing factors after ART. We found that in male PLWH after ART, 
glucose metabolism continuously deteriorated, as indicated by the gradual increase in the FPG level, 
whereas the IFG rate increased rapidly, followed by a gradual decrease and then another gradual 
increase. The average FPG level of 61 cases was 5.50 mmol/L at baseline and increased to 5.88 mmol/L 
at 156 wk. The HbA1c level was 5.35% at baseline and gradually increased to 5.90% at 156 wk, but the 
percentage of IFG was 18.03% at baseline and volatically increased to 45% at 156 wk. Of 50 patients with 
NGT, the average FPG level was 5.39 mmol/L at baseline and increased to 5.86 mmol/L at 156 wk, the 
HbA1c level was 5.25% at baseline and gradually increased to 5.56% at 156 wk, and the percentage of 
IFG was 0.00% at baseline and volatically increased to 45% at 156 wk. There were seven patients with 
newly diagnosed DM within 96 wk, and the prevalence of newly diagnosed DM was 11.47% (7/61) in 
this cohort, slightly higher than the 11.2% overall prevalence in the general population in China[21]. 
However, the proportion of PLWH with prediabetes who progressed to diabetes reached 63.63% within 
two years, and the progress rate was 31.815% annually, higher than the literature reporting that 25.00% 
of individuals with prediabetes progressed to type 2 DM in three to five years[23]. These changes 
reflected the continuous deterioration of glucose metabolism in treatment-naive male patients with 
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Table 3 Multiple stepwise regression analysis of risk factors for glucose metabolism parameters within 156 wk (n = 61)

Independent variable Dependent variable B SE Beta t P value

FPG Constant 5.416 0.233 - 23.206 < 0.0001

VL -0.040 0.016 -0.269 -2.470 0.015

CD8+% 0.008 0.004 0.241 2.215 0.029

FINS Constant 83.179 27.700 - 3.003 0.007

ALT 0.348 0.081 0.670 4.302 < 0.0001

VL -6.654 2.375 -0.734 -2.801 0.011

Follow-up weeks -5.951 2.196 -0.711 -2.710 0.013

CD8+ count (cells/μL) -0.010 0.005 -0.325 -2.122 0.046

HOMA-IR Constant 18.025 7.686 - 2.345 0.029

ALT 0.090 0.023 0.642 3.855 0.001

VL -1.664 0.685 -0.405 -2.429 0.024

HOMA-β Constant 695.830 224.509 - 3.099 0.016

ALT 2.740 0.656 0.649 4.179 < 0.0001

VL -54.256 19.253 -0.440 -2.818 0.011

CD8+ count (cells/μL) -0.090 0.039 -0.345 -2.271 0.034

ALT: Alanine aminotransferase; FINS: Fasting insulin; FPG: Fasting plasma glucose; HOMA-IR: Homeostasis model assessment of insulin resistance; 
HOMA-β: Homeostasis model assessment of β cell function; VL: Viral load.

Figure 4 Long-term dynamic changes in other glucose metabolism parameters within 144 wk after the initiation of antiretroviral therapy 
with tenofovir plus lamivudine plus efavirenz in male patients living with human immunodeficiency virus (n = 61). A: Fasting serum insulin 
level; B: Homeostasis model assessment of insulin resistance value; C: Homeostasis model assessment of β cell function value. ANOVA was used to compare 
glucose metabolism parameters from baseline to 144 wk (A, P < 0.0001; B, C, all P < 0.01). A paired t test was used to compare glucose metabolism parameters 
between baseline and specific follow-up time points, aP < 0.05, bP < 0.01.

human immunodeficiency virus after treatment with the TDF plus lamivudine plus EFV regimen, 
especially after 96 wk, regardless of whether glucose metabolism disorder was present at baseline.

There have been some reports in the literature about the prevalence of abnormal glucose metabolism 
in patients with HIV/AIDS after ART. There have been no reports about the long-term dynamics in 
glucose metabolism after ART with a specific regimen. One cross-sectional study on DM among ART-
naive PLWH in Guinea-Bissau showed that the prevalence of DM was 5.8% (52/893) and the prevalence 
of IFG was 5.6% (50/893)[8]. Another cross-sectional study of risk factors for IFG or DM among PLWH 
in Zambia receiving long-term combined antiretroviral treatment showed that ten percent (26/270) had 
IFG and 5% (14/270) had DM[9]. A large-sample epidemiological study showed that 24.8% of 262 
PLWH and 38.2% of 1583 PLWH receiving ART treatment had elevated FPG levels[10,11] and that 2.1% 
of 1095 PLWH and 7.1% of 425 PLWH had DM[24-26]. The annual increase in the prevalence of DM in 
PLWH was 4.1%, with a 2.27-fold higher prevalence in 2011 than in 1999, while in the non-HIV-positive 
population, the annual increase was 3.9%, which represented a 1.62-fold increase in the prevalence[27]. 
Follow-up cohort study results also showed that the crude prevalence of DM ranged from 10.8 to 13.7 
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Figure 5 Long-term effects of baseline CD4+ T-cell count on glucose metabolism parameters within 156 wk after antiretroviral therapy 
with tenofovir plus lamivudine plus efavirenz in male patients living with human immunodeficiency virus (n = 61; 26, 12, and 23 patients 
in the < 200, 200 to 350, and > 350 groups, respectively). A: Fasting plasma glucose level; B: Fasting serum insulin level; C: Homeostasis model 
assessment of insulin resistance value; D: Homeostasis model assessment of β-cell function value. Two-way ANOVA was used to compare glucose metabolism 
parameters among the three groups from baseline to 156 wk (interaction, A, P < 0.01; B, C, D, all P < 0.0001. Row factor, A, B, C, D, all P < 0.0001. Column factor, A, 
B, D, all P < 0.0001; B, P < 0.05). One-way ANOVA was used to compare glucose metabolism parameters among the three groups at the same time point, aP < 0.05, 
bP < 0.01.

per 1000 patients annually[12-14], and the pooled prevalence of prediabetes was 125 per 1000 patients 
annually[14]. The most important risk factors for prediabetes and diabetes were a family history of 
diabetes, aging, Hispanic heritage or black, obesity/overweight, lipodystrophy, central obesity, 
metabolic syndrome, dyslipidemia, treatment with certain ART regimens, and increased baseline FPG
[12-18]. No reports about the long-term dynamic characteristics of glucose metabolism after ART with a 
specific regimen were found in the literature.

In the general population abnormal glucose metabolism is associated with insulin resistance and 
impaired islet beta cell function. The results showed that in male PLWH, the HOMA-IR value first 
increased to a peak of 2.03 Um × mmol/L2 at 48 wk and then decreased until it was measured again at 
156 wk. The HOMA-IR value was always lower than the reference value of 2.3 Um × mmol/L2, which 
indicates insulin resistance. The baseline HOMA-β value was 52.37 Um/mmol, which was almost half of 
the reference value of 100 mIU/mmol, and the peak HOMA-β value was 74.30 Um/mmol at 36 wk, 
which was also clearly lower than the reference value. Therefore, the continuous deterioration of 
glucose metabolism was not caused by insulin resistance but rather by significantly decreased islet β cell 
function.

Our studies have also shown that in male PLWH, the lower the baseline CD4+ count, the lower the 
HOMA-IR value and HOMA-β value were during the entire 3-year follow-up period. No reports of the 
impacts of the baseline CD4+ count on the HOMA-IR value and HOMA-β value after long-term ART 
with a specific regimen were found in the literature.

In this study, it was also demonstrated that age, follow-up duration, NAFLD, most of the biochemical 
indicators, and the CD3+CD8+ percentage values had positive correlations, while the CD3+CD4+ cell 
count and virological indicators had negative correlations with the FPG level. The main factors 
associated with the FPG level were the CD3+CD8+ cell count and VL. Although none of the anthropo-
metric parameters or the biochemical, virological and immunological indicators had a direct correlation 
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with the HOMA-β values representing islet β cell function, the ALT level, VL and CD3+CD8+ cell count 
were the main factors associated with the HOMA-β value.

Although CD4+ T cells are recognized for assessing immunity, there was an association not between 
glucose metabolism parameters and CD4+ count but between glucose metabolism parameters and 
CD8+ count.

A previous study found that CD8+ infiltration into adipose tissue promoted macrophage recruitment
[31] and resulted in local TNF-α, other inflammatory mediators and IL-6 increases, which acted on 
adipocyte surface receptors and by other mechanisms to reduce insulin receptor substrate-1 (IRS-1), 
glucose transporter type 4 (GLUT4) and phosphoinositide 3-kinase p85α expression, thereby inhibiting 
insulin signaling[28-33] and leading to islet beta cell dysfunction, insulin resistance, and hyperglycemia.

Some reports have stated that FPG levels are inversely and significantly correlated with NADH 
dehydrogenase (C1) enzyme activity in oxidative phosphorylation[18]; youth infected with HIV and 
with IR have lower levels of markers of mitochondrial respiration than those without IR. Mitochondrial 
respiration dysfunction may contribute to IR in the population[34]. HIV infection can cause insulin 
sensitivity decline, and the replication of HIV has important effects on accessory proteins (Tat, Vpr) and 
may also cause insulin resistance. Vpr affects insulin transcription by inhibiting PPAR-gamma activity, 
whereas Tat activates nuclear factor-kappa B, inhibits insulin receptor signal translocation, and reduces 
GLUT4 translocation and phosphorylated IRS-1 expression[35], which leads to insulin resistance, islet 
beta cell dysfunction and elevated plasma glucose levels.

There was a lack of female patients who met the inclusion criteria during the enrollment duration of 
the study from October 1, 2012, to December 31, 2013. Only sixty-one male PLWH who were treatment-
naive were enrolled in this study, and the results were only reported for males.

This study first reports the dynamic effects of the EFV + 3TC + TDF regimen and the baseline CD4+ 
count on glucose metabolism parameters in male PLWH treated with a specific ART regimen. The 
biochemical and anthropometric parameters and virological and immunological indicators associated 
with glucose metabolism parameters were identified. The results showed that in male PLWH initially 
treated with the EFV + 3TC + TDF regimen for 3 years, regardless of whether glucose metabolism 
disorder was present at baseline, the FPG level increased continuously and gradually, the percentage of 
IFG and HbA1c level also increased gradually, there was no obvious insulin resistance, and there was 
significantly reduced islet β cell function. The main factors associated with the FPG level were the 
CD3+CD8+ cell count and VL, while those associated with the HOMA-β value were the ALT level, VL 
and CD3+CD8+ count.

The limitations of this study were small sample size, a single-center cohort study, only male patients 
and only the examination of the effect of the EFV + 3TC + TDF regimen. A large-sample, multicenter 
study of both male and female patients treated with additional ART regimens and a randomized 
controlled clinical trial are needed.

In the future, the application of more accurate and comprehensive glucose monitoring methods, such 
as glucose tolerance tests at baseline and at certain follow-up time points and a continuous glucose 
monitoring system[36], are necessary for long-term glucose monitoring to timely detect and intervene in 
glucose metabolism disorders and improve the prognosis of the disease[37]. The application of more in-
depth analytical methods, such as deep Convolutional Neural Networks Model[38,39], is also needed 
for more accurate analysis of factors affecting glucose metabolism and timely intervention.

CONCLUSION
These findings provide guidance for clinicians who wish to monitor FPG levels closely and who are 
concerned about islet β cell dysfunction and IFG rate during long-term ART with the EFV + 3TC + TDF 
regimen; the focus is on the avoidance of the application of insulin secretagogues and protecting islet β 
cell function when hypoglycemic therapy is needed.

ARTICLE HIGHLIGHTS
Research background
Antiretroviral therapy (ART) is currently the most effective treatment for acquired immune deficiency 
syndrome (AIDS), as it can prolong life expectancy and improve quality of life. However, non-AIDS-
related diseases, such as metabolic abnormalities, osteoporosis and cardiovascular diseases, have 
become essential factors affecting the prognosis of AIDS patients. Disorders of glucose metabolism are 
common metabolic diseases and risk factors for cardiovascular disease. No reports about the long-term 
dynamic characteristics of glucose metabolism after ART with a specific regimen as the efavirenz (EFV) 
plus lamivudine (3TC) plus tenofovir (TDF) (EFV + 3TC + TDF) regimen were found in the literature.
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Research motivation
As one of the first-line ART programs since the National Twelfth Five-Year Plan in China, the EFV + 
3TC + TDF regimen has been used for more than ten years and has a reduced effect on metabolism, and 
there are few reports about its effect on glucose metabolism in the literature. Our previous study 
showed that the fasting plasma glucose (FPG) level increased within four weeks and then returned to 
the baseline level at 12 wk after ART with the EFV + 3TC + TDF regimen, especially in patients with 
CD4+ counts less than 350 cells/μL. However, the long-term dynamic characteristics of glucose 
metabolism and its contributing factors in such patients treated with the EFV + 3TC + TDF regimen are 
unclear and warrant further examination.

Research objectives
This study aimed at the long-term dynamic characteristics of glucose metabolism and its contributing 
factors in male patients living with human immunodeficiency virus (PLWH) who accepted primary 
treatment with the EFV + 3TC + TDF regimen for 156 wk.

Research methods
This study was designed using a follow-up design. Sixty-one male treatment-naïve PLWH, including 50 
cases with normal glucose tolerance and 11 cases with prediabetes, were treated with the EFV + 3TC + 
TDF regimen for 156 wk. The glucose metabolism dynamic characteristics, the main risk factors and the 
differences among the three CD4+ count groups were analyzed.

Research results
In treatment-naive male PLWH, regardless of whether glucose metabolism disorder was present at 
baseline, who accepted treatment with the EFV + 3TC + TDF regimen for 156 wk, a continuous increase 
in the FPG level, the rate of IFG and the HbA1c level were found. These changes were not due to insulin 
resistance but rather to significantly reduced islet β cell function, according to HOMA-β. Moreover, the 
lower the baseline CD4+ T-cell count was, the higher the FPG level and the lower the HOMA-β value. 
Furthermore, the main risk factors for the FPG levels were the CD3+CD8+ cell count and VL, and the 
factors contributing to the HOMA-β values were the alanine aminotransferase level, VL and CD3+CD8+ 
cell count.

Research conclusions
These findings provide guidance to clinicians who are monitoring FPG levels closely and are concerned 
about IFG and decreased islet β cell function during ART with the EFV + 3TC + TDF regimen for long-
term application.

Research perspectives
To our knowledge, this prospective 3-year follow-up cohort study is the first to report the long-term 
dynamic effects of the TDF + 3TC + EFV regimen and the baseline CD4+ T cell count on glucose 
metabolism in male PLWH. The results showed that in male PLWH who were TDF + 3TC + EFV 
regimen treatment-naïve for 3 years, glucose metabolism continuously deteriorated, as shown by 
gradual increases in the FPG level, IFG rate and HbA1c level, regardless of whether glucose metabolism 
disorder was present at baseline, and the change was not due to insulin resistance but rather to 
significantly reduced islet β cell function. Moreover, the lower the baseline CD4+ T cell count was, the 
higher the FPG level and the lower the HOMA-β value were. These findings should encourage clinicians 
to monitor the FPG level closely and to be concerned about the IFG rate and decreased islet β cell 
function in patients who receive long-term TDF + 3TC + EFV regimen treatment.
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